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CHAPTER I

INTRODUCTION

The process of freeze drying has been successfully used to 

preserve bacterial cultures over long periods of time. This process 

assures no alteration of the biological characteristics, either phy

sical or chemical, of the material frozen.

The viability of the organism is determined by the affect 

which the media has on the organism during the process. The biolo

gical characteristics remain unaltered after drying is completed due 

to the fact that the metabolic processes stop almost completely. These 

metabolic processes are dependent largely upon osmosis, diffusion, ioni

zation and the colloidal state, all of which are in turn dependent upon 

hydration.

The purpose of t his experiment is to determine the comparative 

viability of Streptococcus lactis after freeze drying from two different 

mediat blood serum and skim Edik.

Since blood serum is considered an optima® medium for the freeze 

drying of any material, and skim milk is an optimum medium for the culti

vation of the Streptococcus lactis organism, the two media are beneficial 

to the organism in that they both promote good growth. 'Hie media used in 

this experiment are unique for such a purpose. However, they will not 

necessarily be equally beneficial when used for the purpose of freeze 

drying.
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CHAPTER II

HISTORY AKD SCOPS OF FREiiiE DtillHG

Freeze drying, like many scientific procedures, has gone 

through * progressive development. It began with & simple idea and 

proceeded to a complicated process, which involves a complex apparatus 

and certain specific conditions.

The survival of bacteria during desiccation in a vacuum was of 

great Importance in the development of frees* drying* Laboratory pro

cedures of the past, in order to preserve pure cultures of non-spore- 

forming bacteria mad* it necessary to transfer the organisms frequently 

to fresh culture medium, to subject them to incubation, end then to 

maintain them in a vegetative stats under refrigeration* This procedure 

involves danger of contamination of the cultures as well as possible al

terations in character, due to changing environment* Thess factors as 

well as the loss of time, labor, and costliness of such methods were 

eliminated when it was found that the species would withstand desic

cation in vacuo.

Early methods of desiccation, which were used in the last cen

tury by Ehrlich (1), C. Martin (2), and Burrows and Cohn (3), produced 

a dried compliment that had superior qualities of preservation.

1. FL03D0AF, S. W., and MUDD, S., Jour. Immunol., 32*3*9f. 1935.

2. MARTIN, C., Jour. Path, and Bact., £t507f. 1696.

3. BURROWS, 0. H., and COHN., Jour. Biel. Che*., ^6t587f. 1918



The limitations to these methods were: (a) the partial denaturation 

of the material which is apt to occur during drying, (b) the imper

fect or slow solubility of the dried compliment, and (e) the small 

quantities which could be dried by any existing apparatus of the me

thods used by the above mentioned.

Hence, even though desiccation was a great improvement over 

the old method of preserving biological materials, it may be seen 

that it, too, had certain disadvantages when used as a means of pre

servation.

In 1909, Shaekell (4) made an improvement over simple desicca

tion. He first described the drying of biological products from the 

frozen state. In his process, the initial freezing was made in a salt 

and ice mixture. The frozen material was then dried in a vacuum and 

desiccator with HgSO^ aa the desiccant.

Swift (5) developed a method of freeze drying in 1921. His 

method has since become standard in many laboratories as a means of 

freeze drying biological materials without altering their biological 

characteristic s.

Other men who have made notable contributions to freeze drying 

are: Eeichel, Masucci and Boyer (6), Hammer (7), Sawyer, (8),
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4. SHACKELL, L. F., Amer. Jour. Fhysiol., 2^3251. 1909

5. SWIFT, H. F., Jour. Exper. Med. Q i& t. 1921

6. REICHEL, J., MASSUCCI, P. and BOYER, J. Jour. Immunol. 1935.

7. HAMMER, B. W. Jour. Med. Research Zlt:527f. 1911

8. SAWYER, W. A., LLOYD, W. D. and KITCHEN, S. F. Jour. Exper. Med. JOilf.



Craigle (9), and El8er, Thoeas and Steffen (10), The w s t  recant 

contribution war made by Earl tf» Flosdorf and :tuert 'udd (11)*

Essential probleas that « « n  soiree! In the development of the apparatus 

used by Flosdorf and Mudd verei (a) securing uniformly low tempera

ture within the Individual container* In which the produet is alao to 

be etored and districted during the processing of the material j O )  

the completion of the dhydration within a reasonable length of tirae>

(e) the provision of practicable aeens of Individually sealing and 

severing the eontalnere without loss of the original vacuusf and (d) 

the preservation of asepsis throughout the process* Since the appara

tus which Flosdorf and Mudd developed it essentially the suae apparatus 

that I have used In ajr experlaant, the answers to those probleas will fee 

readily foimd In chapter III,

In 1958, Flosdorf and Madd further Improved their process by 

developing a far aero economical neans than was their earlier development. 

It is called the Cryoehoa-Froeessf la this process, condensation of 

water-vapor in a low-tetsperature bath 1s supplanted by the use of an In

expensive bat reenterable, ehenieal deslceeat, In the new procedure, 

preliminary freeslng of the product in a lowatetsperature bath say he

..... "........... . ............ .... . ■ .... .... . ...... . ..

e. C8A3CIS, 4, Brit. Jour, Exper, Pathol. 1951.

10, WLSrnt W. J „  TffQMAS, ft* A, and 8TBFHBI, S. I. Jour, Xwsmol, 

ig«*55f. 1953,

11, FLOSDORF* S. w, and M0DI3, 8. Jour, Sm M U *  ̂ i *59f. 1958,

* Cyyoohpa Is derived from the Creak roots karoo and xnwa to donate 

desiccation In vacuo fro* the froaen state by means of ehesdeala.



eliminated or retained, according to circumstances* Flosdorf and lludd 

sought a low-cost chemical with sufficient affinity for water in order 

to produce a Ics? aqueous tension and to do this rapidly. They also 

sought a chemical v;ith a sufficiently high temperature coefficient of 

reversibility to be completely regenerable without the aid of a vaccura.

Hammond and withrcw have shown that by proper heating to affect 

its possession of the desired high affinity for water, gypsum sulfate 

m y  be converted to anhydrous calcium sulfate. The aqueous tension of 

the half hydrate thus produced is 0*004 millimeter of mercury at 25°C*

It is well to note that the vapor pressure of ice at the temperature 

of the acetone-dry ice bath employed in this experiment is 0*00047 

millimeter of mercury. Ihis will reduce the final residual moisture 

of the dried biologic to the required low level. Furthermore, the de

gree of porosity of calcium sulfate, when thus prepared, is so great 

and remains so great, that the rate of removal of water vapor is more 

rapid than by any other means yet encountered, regeneration of the de- 

siccant may be accomplished at 150-250°C. under atmospheric pressure.

Calcium sulfate has no vapor-pressure as do volatile substances 

and hence can cause no harmful effects on labile materials, such as has 

been reported with sulfuric acid or acid phosphoric anhydride* During 

regeneration, calcium sulfate hemihydrate will not lose its original 

porosity as does calcium chloride. Calcium sulfate has an affinity only 

for water} this is an advantage in the case of many products, although 

it may be a disadvantage in certain types of work. Properly prepared 

calcium sulfate is available under the trado-name of "Drierite" (12),

12. F. J. Stokes Kachine Co., Ihiladelphia, Pennsylvania.



Since it is beyond the purpose of this paper to give a full

description of the "Cryochen-Pracess ,** it v/ilX not be included in
, *

this discussion. However, for a carapletc description of the process, 

see Flosdorf and Lludd (13).

13. FLOSDORF, W, and liUDD, 3. Journal of Ifanamology. 

24j469f. 193S.



CHAPTER III

THE EXPERIMENT 

A. MATERIALS

The Organism: Streptococcus lactis was used in this experiment. 

A stock culture of the organism was obtained from the Biology Depart

ment of Carroll College. It was cultured on glucose, yeast-extract, 

broth and litmus milk. Prior to the experiment, transfers were made 

approximately every two weeks, and stored in a refrigerator.

Apparatust A cenco Hivae pump was used in the experiment to 

attain the vacuum required for operation. (14) It is important to note 

that the maximum pressure of residual non-condensable gases under which 

the process will operate is 0.70 millimeters of mercury. However it is 

desirable to be much below this critical point and preferably within the 

range from 0.10 to 0.050 millimeters. The maximum vacuum obtained by 

the use of the equipment in this experiment ranged from 0.050 to 0.025 

millimeters (15).

The pump was connected by suitable rubber tubing to a cold trap 

(16). It is generally felt that one condenser is sufficient, although

14. The W. M. W4lch Manufacturing Co., 1515 Sedgwick Street, Chicago 10, 
Illinois.

15. KABAT, E. A., and MAXES, M. M. Experimental Imminochemistry.
Charles C. Thomas Publ. Co., Springfield, 111. 1948.

16. Corning Glass Works, New fork, N. T.
-  8 -



some workers prefer having an auxllliary condenser located between 

the regular condenser and the vacuum pump ineluded in the system.

During the operation, care must be taken to make sure that the passage 

between the inner and outer tubes of the condenser will not be con

stricted by ice accumulation. Such a condition, until corrected, will 

completely hinder further operation. Generally, this problem will not 

occur when the amount of material used does not exceed 3 to 5 milli

liters. An insulated vessel (18) containing acetone and dry ice was 

used to activate the condenser during the operation. Here a small con

tainer is to be preferred in order to minimize the amount of acetone 

and dry ice used. The ice bath should be in contact vdth as much of 

the surface of the condenser as possible. This allows the maximum 

area for the condensation of gases on the inner wall of the condenser.

A McLeod gauge, (19) which was used for the measurement of the 

vacuum, was attached to the system between the condenser and the manifold. 

It is important that the gauge be placed as elose to the manifold as is 

possible, in order that the vacuum measurement indicated on the gauge 

during operation may be a close approximation of the actual vacuum 

within the ampoules.

Lastly, a manifold is connected to the system. The manifold 

used in the experiment, as illustrated in fig. one (l), was hand con-

18. Poloron Products Inc., New Rochelle, M. I.

19. Catalogue Bo. 60, Scientific Supplies Co., 600 Spokane Street, 
Seattle 4, Washington
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structed from an iron cylinder approximately 70.0 millimeters in 

diameter. It was closed at one end but had a large 21 millimeter 

adapter at the other. There were fourteen 7 millimeter copper adap

tors welded to the side for the attachment of the ampoules. The large 

end adaptor was for the connection to the main part of the vacuum 

system. For a complete diagram of the system, see diagram one (1).

The ampoules were made from five millimeter pyrex tubing.

One end of a one hundred millimeter length of tubing was closed by 

means of an oxygen-acetylene torch. The other end was fire polished 

to facilitate insertion of a cotton plug before sterilization. This 

size ampoule will have a total volume of not less than 2.50 milliliters# 

Gold temperature baths were obtained by immersion of one half 

to one inch pieces of dry ice into acetone (20). During the initial 

addition of dry ice, caution should be taken not to add it too rapidly 

because of the extremely violent activity of the warm acetone.

Suspending Hediumt Rabbit serum was used in the process, al

though the use of any type serum is permissable as long as the concen

tration of antibodies is known to be moderately low. If the antibody 

titer is extremely high, the organisms will have no chance of survival.

Skim milk was used for the second medium. If it is to be 

sterilized, as it was in this ease, care must be taken not to cause the 

precipitation or coagulation of the milk protein. Fresh media is always 

most desirable.

- 10 -

20. Alcohol, ether, trichlorethylene, methyl cellosolve nnd numerous 
butyl and amyl compounds are also satisfactory.
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fi. METHODS

When the apparatus has been set up and is found to be In 

efficient working condition, the ampoules should be made ready for 

attachment to the manifold. To enable the vacuum to remain through

out the system during the gradual addition of ampoules onto the mani

fold, thick vailed rubber connections (21) were attached to the mani

fold with the lumen being closed by means of heavy duty damps. As 

each ampoule was attached, it was immediately subjected to the vacuum 

by removal of the clamp.

To prepare the cultures for attachment to the manifold, a 

glucose yeast-extract broth culture was pipetted into centrifuge tubes 

in one mijllillter amounts. After centrifuging at a high speed for 

three minutes, the supernatant liquid broth was decanted, leaving only 

the residue. This was then suspended in one half milliliter amounts 

of skim milk and serum. After the addition of the media, the tubes 

were shaken vigorously to assure uniform concentration. The suspension 

was then ready to be transferred in one half milliliter amounts to 

the ampoules. It may be noted that in this experiment the ampoules 

were made to hold approximately one to 1.25 milliliters when they were 

half filled. One half milliliter amounts were sufficient to complete 

tills experiment. Since only a thin film of the material to be frozen 

is desired on the inside of the ampoule, it is necessary for the ampoule 

to be filled no more than half full.

21. The connections were made from heavy walled six millimeter rubber 
tubing.



If it is filled more than half full, the resultant frozen material will 

be too thick to allow rapid dehydration.

The iee bath into which the ampoules were immersed for the initial 

freezing, was satisfactorily made by placing one half to one inch cubes 

of dry iee in a moderate amount of aeetone. After the bath has reached 

a temperature of about -78°C., the ampoules are rotated in the bath un

til a thin film becomes solidified on the inside of the ampoule. At 

tills point, caution must bs taken in order to avoid the immediate freez

ing of the material before rotation, since it takes only a few seconds
J
1 • • ‘ 

to freeze the erjtire material in the ampoule. After the material has

been thoroughly frozen, the ampoule is removed from the ice bath and Im

mediately attached to the manifold* Wien the ampoule is firmly attached 

to the rubber connector on the manifold, the d a m p  is then removed immedi

ately, thus subjecting the frozen solid to high vaeuum conditions. Be

cause of the rapid uptake of heat required by the sublimation of the 

solid to the gaseous state, the material will remain frozen until dehy

dration is completed. Complete dehydration requires approximately three 

hours (22).

Following the procedure just described, 99.96 per cent of the 

original water content of the frozen material may be removed. The mois

ture content of the remaining porous solid is about 0.5 per cent.

22. The time element depends on the amount of material to be dried. 
E.G. twenty five milliliter amounts require from eighteen to 
twenty two hours, and one milliliter amounts require from three 
to five hours.



Removal of the ampoules is accomplished by means of an oxygen- 

acetylene torch, vtfhen working with such an extremely high vacuum ex

erted upon the glass, one must be careful with a torch of this type. If 

the torch is too hot, upon application to the glass, it will immediately 

cause a hole. This will allow air not only to enter the system, but also 

will subject the ampoule contents to the air. If this happens, the am

poule may not be used since the original vacuum is not sealed within the 

tube. The most efficient removal of the ampoule is obtained by rhyth

mical application of the torch upon the area where it is desirable that 

the ampoule be severed. In this way, the pyrex glass will gradually 

yield to the atmospheric pressure being exerted upon it from the out

side, and will eventually seal the tube from the remainder of the system. 

When all the ampoules were satisfactorily removed from the manifold, they 

were placed under refrigeration for storage.

Bi-weekly plate counts were made for a period of six weeks. The 

following procedure was performed after the ampoule had been opened.

The contents in the ampoule were re-suspended in one milliliter of dilu

tion water. This established the exact concentration in which the or

ganism had been suspended in the original glucose yeast-extract broth. 

After the suspension was thoroughly mixed, 0.25 milliliter was transferred 

to a dilution bottle containing 25 milliliters of dilution water with a 

resultant dilution of 1/100. This dilution was further carried out to 

concentrations of l/lOGQ, l/l0,Q0Q and l/l0Q,0QQ. Five transfers were 

made from each dilution tube into sterile petri dishes along with the 

addition of ten to twelve milliliters of tryptone glucose yeast agar, 

which had been cooled to a temperature of 45 to 50°C. The plate counts





CHAPTER IV

EXPERIMENTAL RESULTS

In order to determine whether the experimental results in

dicated a significant difference in the effects of the two media, 

the following calculations were used on each set of values gained 

from the bi-weekly plate counts. As stated in chapter III, there 

were five counts taken on both the blood and the milk cultures.

The3® gave five values representative of the number of organisms 

which survived the process.

The mean of these values was calculated thus giving an 

approximation of the actual number of surviving organisms* Since 

this wasn’t considered to be an accurate approximation, the standard 

deviation was calculated*

The mean value plus or minus the standard deviation gave a 

value for both of the above cultures and a comparison of the two 

values was then made. Ihis indicated whether or not a difference ex

isted. If the two most proximate values of the numbers calculated in

dicated an overlap, It was then thought necessary to run a t-function 

on the two numbers to determine whether the difference was significant.

The complete experimental values obtained from the experiment 

may be found in table one (l). Formulas used for the calculation of 

the above are given as follow*:



The Mean:

1st plate-—— — ------------ 274
2nd plate--------------------- 237
3rd plata-------- -----------291
4th plate—----—— ------- —268
5th plate— ————---- ———201.
mean equals------------------ 12714-5-254

This indicates that there were 254 organisms in one milliliter

of the original concentration, diluted to 1/100,000, that survived the

process. In all cases, the counts taken were those of the 1/100,000

dilutions.

The Standard Deviation:

The standard deviation was calculated by use of the following

formula*

— 16 —

The t-functlon: 3J=mean of the 1st culture,

Xg— mean of the 2nd culture. 

n^ — number of plate counts for

1st set of plate counts.

when n2 =s number of plate counts for

2 iu» £ §
s C ( xr V + (V V  J  2nd set of plate counts.

* 1 +  n^- 2 ni“f" n2 * 2 =  ^  degrees of

freedom.



TABLE 1

PLATE COUNT VALUES, AVERAGE MEAN AND THE STANDARD 
DEVIATION FOR EACH TWO WEEK PERIOD

Milk

I II III IV V g  <T

Two 252 288 191 185 225 227 ± 43
Weeks

Pour 157 158 252 249 274 216 ± 57
Weeks

Six I 281 153 260 197 161 210 ± 58
Weeks

Blood Serum

Two 130 111 129 117 138 125 t 11
Weeks

Four 174 115 117 98 135 128 t 29
Weeks

Six
Weeks

140 128 129 147 135 136 £ 9



CHAPTER V

CONCLUSION

The purpose of this experiment as stated in the first chapter 

of this thesis was to compare the viabilities of the two organisms after 

freeze drying from blood serum and skim milk. However, it is interesting 

to note that the results indicate there was no notable change in the via

bility of the micro-organisms after the first two weeks of storage, i.e, 

both the serum and the milk cultures maintained a stable viability after 

the first two weeks of storage.

On the other hand, when the counts of the serum and milk cultures 

for all three two-week periods are compared with one another, period for 

period, we definitely observe a variation in the viability of Streptococcus 

lactis. That is to say for each two-week period of storage when skim milk 

had been used as the freezing medium, the survival of the micro-organisms 

had been favored by a factor of approximately 1,0 X  IQ2 organisms/milli

liter of suspension medium over and above the number that had survived when 

frozen from serum.

Therefore, it is evident that following the first two weeks of 

storage, no notable change in viability occured and that a definite de

crease in viability did occur in both the serum and milk cultures some

time between the initial freezing and the first two weeks of storage.

This decrease in the viability of the micro-organisms when frozen from

- 18 -
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serum was greater than was the decrease when the organisms were frozen 

from skim milk.

Since not overlap existed in comparing the experimental values 

obtained, it was nc necessary to use the t-function as presented in 

the first part of this chapter to further establish whether or not the 

results did represent a significant variation.

It was the purpose of the experiments reported in this paper 

to observe only the change in viability of the micro-organisms under 

the conditions of the experiment. No physical or chemical explana

tion is offered regarding the cause or causes of the results obtained. 

Ihe accuracy of th. m n l w t  1. Halted d »  to th. error inherent 

within the experimental procedure, This error was minimized by ob- 

serving the procedures outlined for the experiment as closely as 

possible.

Since freeze drying is generally used as a means of preser

vation of biological materials over long periods of time, it would 

have been better to extend the experiment over a longer period than 

six weeks. However, a longer period of time was not possible due to 

circmstances other than those related to the experiment itself.



SUMMARI

Chapter I includes an introduction to the process of freeze
.

drying and the purpose of the experiment.

Chapter II covers the history and scope of freeze drying 

with the various contributions made toward the development of the 

process beginning with simple desiccation and ending with the most 

recent additions to the field.

Chapter III gives an explanation of the methods and prode- 

dures used as well as the preparation of the materials required to 

perform the experiment.

Chapter IV includes the experimental results and the statis

tical methods used to determine the substantial difference in the 

effects of the two media.

Chapter V is the conclusion drawn from the results obtained 

in the experiment.
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